INTRODUCTION
Nowadays, the gas-sensing field is significant impact in everyday life with different applications such as security of explosive and toxic gases, indoor air quality, industrial process control, combustion control, exhaust gases, and smart house plant in agriculture. Due to the huge application range, the need of cheap, small, low power consuming and reliable solid state gas sensors, has grown over the years and triggered a huge research worldwide to overcome metal oxide sensors drawbacks, summed up in improving the well known "3S": Sensitivity, Selectivity and Stability [1, 2] . A great deal of research effort has been directed toward the application of nanostructured materials in the gas-sensing field, and a various novel gas sensors have been demonstrated by using different nanomaterials such as carbon nanotubes [3, 4] , low dimension metal oxides (nanoparticles, nanowires, and nanotubes) [1, 2, 5] conducting polymer [6] . It has been pronounced that the nanomaterials-based gas sensors can be used to detect various gases with ultra-high sensitivity and selectivity. Accordingly, the toxic gases at concentration of few ppm or even ppb can be easily detected. Especially, few kinds of nanomaterials can be responded to gases at room temperatures.
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In this paper, we represent our current studies in the two new class nanomaterials for gas sensing applications. The first one is the hybrid materials, which made of semiconductor metal oxides (SMO) and carbon nanotubes (CNTs), including CNTs-doped SMO and SMO/CNTs composites. It has been realized that special geometries and properties of the hybrid materials offer great potential applications as high performance gas-sensor devices. Previous works have demonstrated that the hybrid materials can be used to detect various gases such as NH 3 , NO 2 , H 2 , CO, LPG, and Ethanol [7] [8] [9] [10] [11] [12] . These works also reported that the hybrid gas sensors have a better performance compared to SMO-as well as CNTs-based sensors.
Interestingly, the composite SnO 2 /CNTs and the CNTs-doped SnO 2 sensors respond to NH 3 and NO 2 at room temperature, respectively [9] . This would reduce considerably the power consumption of the sensing-device. The CNTs are hollow nanotube and p-type semiconductor, therefore the improvement of the hybrid CNTs/SnO 2 -based sensor was attributed to additional nanochannel for gas diffusion and p/n junctions formed by CNTs and SnO 2 [9] . The second type nanomaterials that we focus on are onedimension nanostructures of SMO. It has been indicated that the gas sensing application of a new generation of SMO nanostructures such as nanowires, nanorods, nanobles, nanotubes has been extensively investigated [1, 13] . These structures with a high aspect ratio (i.e., size confinement in two coordinates) offer better crystallinity, higher integration density, and lower power consumption [1] . In addition,
One-dimensional nanostructures demonstrate a superior sensitivity to surface chemical processes due to the large surface-to-volume ratio and small diameter comparable to the Debye length (a measure of the field penetration into the bulk) [14, 15] .
HYBRID MATERIALS FOR GAS SENSING APLICATIONS
In recent years, we have carried out extensive studies on different kinds of hybrid materials for gas sensors as well as biosensors applications [16] [17] [18] [19] [20] [21] [22] [23] . The scope of this paper is only to represent a recent advantage of hybrid materials for gas sensitive materials. We have focused on the development of the hybrid materials made of CNTs and SMO nanoparticles for gas-sensing applications.
TiO 2 and SnO 2 doped with carbon nanotubes
Pt-Nb co-doped materials have been previously investigated. It was found that the TiO 2 gas-sensing material has some advantages over SnO 2 materials. However, the former has very low response at low operating temperatures (lower than 300 o C).This is difficult to overcome by using noble metals dopants such as Nb, Pt and Pd. The sol of (1%wt)Nb-(0.5% wt) Pt codoped TiO 2 was prepared by so-gel method.
The precursors used to made the solutions were 
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and that for recovery (t 90%(gas-to-air) ) were calculated from the resistance-time data shown in Fig. 2d in the vacuum at 10 -2 torr; a dynamic response of the composite sensor to NH 3 gas at room temperature (c); the sensor response versus NH 3 concentration for the composite using CNTs with diameter (d) [19] .
The response time from A to B ( (a) (b) Figure 7 . Schematic of potential barriers to electronic conduction at grain boundaries and at p-n heterojunctions for CNTs/SMO; d1 and d3 are depletion layer widths when exposed to ethanol; d2 and d4 are depletion layer widths in air (b); nanochannel forming the SMO materials (b) [18] .
NANOWIRES MATERIALS FOR GAS SENSING APPLICTAIONS
Various kinds of one-dimensional metal oxides such as ZnO, SnO 2 , WO 3 , CuO, and TiO 2 have been investigated for gas sensing applications. Appropriated nanowires are investigated for particular gas sensors [24] [25] [26] [27] [28] [29] [30] [31] .
However, in this paper we focused on the ZnO and SnO 2 nanowires-based sensor. The important technologies related to these gas sensors are presented.
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Low dimension ZnO nanostructures for ethanol sensor
Recently, quasi-one-dimensional (Q1D) gas concentration (h); the estimation of response and recovery times (i) [25] .
Recently, we have successfully synthesized
ZnO at higher temperatures using thermal carbon reduction method. The ZnO NWs were synthesized by using our home-made thermal
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CVD set-up. The detail synthesis process can found elsewhere [25] . Figure 9 ZnO. Hence, the sensing mechanism of ZnO to NH 3 gas may be described as follows. When
ZnO NWs sensor is exposed to a reductive gas at a moderate temperature, the gas reacts with the surface oxygen species of the NWs, which decreases the surface concentration of improve the selectivity of the gas sensors. This aspect is currently being studied by our group as well as by many others. As shown in Figure   9i , the measured resistance was restored to its original value, Ra. The 90% response time for gas exposure (t 90%(air-to-gas) ) and that for recovery (t 90%(gas-to-air) ) were calculated from the resistance-time data (Figure 9i ). The t 90%(air-togas) value is around 15 s, while the t 90%(gas-to-
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The screen-printing method for gas sensor device fabrication proposed in this work is very much simple, and a large number of devices were obtained as shown in Fig. 11 . So this method is more efficient compared to that adopted by previous works. 
On-chip growth nanowires gas sensors.
The on-chip fabrication technique was applied for preparation of the SnO 2 NWs sensors designed for the detection of hydrogen concentrations ranging from 10 to 100 ppm and was found to be excellent in terms of performance [34] . This fabrication method overcame some problems faced when using the post-synthesis technique mentioned above. In addition, it was also found that it could scaleup the sensing elements and reduce the expenses of products. The on-chip fabrication method, however, has a limitation is that the synthesis of most metal oxides nanowires is carried out at a high temperature that can degrade the metal electrodes (Pt) during sensor fabrication. In this study, we used the thermal evaporation as above to fabricate the on-chip SnO 2 -NWs gas sensors. The effect of growth time on structure and gas sensing properties of nanowires are investigated.In addition, the sensing mechanisms of SnO 2 nanowires gas sensors are also elucidated by comparing the sensing properties of on-chip fabrication sensor to those obtained using a screen-printing technique. The more detail about this work can found elsewhere [26] . 
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Singe nanowires gas sensor for ultrafast response and recovery
Recently, intensive efforts have been made to develop single NWs devices for gas sensing applications, because they can be used not only as resistive sensors, but also as field-effect sensors (see Fig.14a ). These sensors have pronounced good response and ultrafast response-recovery.
Additionally, the self-heating effect can be applied for these kinds of sensors to operate at ultralow power consuming [35] .In previous At optimum operating temperature, the response and recovery times are 3 and 3.5 s, respectively. These values are much shorter than previous works [26] [27] [28] .
SnO 2 nanowires functioned with catalytic materials
The selectivity and sensitivity of Still a great need of controlling in the growth is required for an application of those class materials in commercial systems, together with a thorough understanding of the growth mechanism that can lead to a control in nanowires size and size distributions, shape, crystal structure and atomic termination. A great attention has to be paid to problems like the electrical contacts and nano-manipulation that allow production and integration of gas sensor devices.
